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ABSTRACT

The method of obtaining the adjustable capacitor permits transforming all types of capacitors
(including Electrolytic, Vacuum, Gas, high-voltage capacitors) into adjustable capacitors without
mechanical parts inside capacitors and provides broad ranges of changing the capacity of adjustable
capacitors in electric circuits of direct and alternating current and in all types of Marx Generators. The
method comprising the steps of: choosing the capacity of one capacitor bigger and connecting said
capacitor in series with at least one or two other capacitors; connecting capacitor plates of these
capacitors through devices, which change their electrical states; changing the states of said devices
within charging and discharging said capacitors and the step of combining plates of said capacitors
which ensures the lowest cost price of manufacturing said capacitors. The present invention can be
used for controlling the maximum voltage of a load and for changing motor speed.

Inventor: /M’ap Manvel Zakharan
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APPLICATION NUMBER 2,206,089

Inventor: Manvel Zakharian

METHOD OF OBTAINING THE ADJUSTABLE CAPACITOR
BACKGROUND OF THE INVENTION

The present invention relates to the methods of obtaining the adjustable capacitor for low-
voltage and high-voltage.

Known mechanical method of obtaining an adjustable capacitor uses the step of changing a
distance between capacitor plates or the step of changing an active area of capacitor plates. This
method has following shortcomings:

It is not expedient to use a mechanical method for capacitors with a big capacity, for high-
voltage capacitors, for Vacuum Capacitors and for Gas Capacitors;

It 1s not possible to use a mechanical method for changing capacities of Electrolytic
Capacitors which plates are realized as spirals;

The peak of energy density is not high.

US Patent No 3,569,795, C1.317/231 of Gikow is an example of well known voltage variable
capacitors of alternating current in which a capacity of a capacitor is changed as a result of the effect
of changing a dielectric constant of a ferroelectric material by direct current control voltage. The
capacitors of this type have relatively narrow range of changing a capacity and the used principle of
changing a capacity cannot transform other types of capacitors into variable capacitors.

Gikow, in US Patent No 3,562,637, C1.323/74, uses direct current control voltage, applied to
each capacitor from a plurality of capacitors (at least four capacitors), for obtaining the adjustable
capacitor of alternating current. The control voltage creates on each of the pairs of said capacitors,
connected together in series, voltages which have opposite directions and counteract each other. In
this technical solution all energy of charging of said serially connected capacitors cannot be

discharged and the energy, which cannot be discharged, i1s approximately proportional to (CUC)2

where U is the control voltage, C is the capacitance of one of said capacitors. The mentioned
shortcomings decrease the range of changing the capacity. Said plurality of capacitors cannot
provide a rapid extraction of the stored energy into a load because voltages on each of the pairs of
said capacitors have opposite directions and the electric charges on each of the two connected
together plates of said capacitors are the same: positive or negative: For obtaining the adjustable
capacitors according to both Gikow US Patents No 3,562,637 and No 3,569,795, it is necessary to

use a source of control voltage of direct current with resistors and recuperate relatively high energy
losses on said resistors.

In US Patent No 5,600,187, C1.307/157, El-Hamamsy et al. (for obtaining the adjustable
capacitor of alternating current) use direct current bias control voltage applied to drain and source
terminals of a MOSFET, having a body diode integral therewith, whose gate and source terminals

are connected together, where said MOSFET is connected in series with a capacitor C; and the
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voitage of operating electric circuit of alternating current is applied to said serially connected
MOSFET and capacitor. The output capacitance of said MOSFET comprises the sum of its drain-to-
source capacitance and its drain-to-gate capacitance. According to El-Hamamsy et al, both of these
interelectrode capacitances vary with the control voltage of direct current applied to drain and
source terminals of said MOSFET. As the control voltage increases, the interelectrode capacitances

decrease, thus decreasing the total capacitance between terminals. In this Patent the capacitor C; is
utilized as a protective device which prevents significant power losses. For obtaining a variable
capacitor El-Hamamsy et al. use the conception of changing drain-to-source capacitance and drain-
to-gate capacitance of a MOSFET by said control voltage of direct current. This conception has
following shortcomings:

- It has very narrow technical applicability and according to El-Hamamsy et al, the technical
solutions of US Patent 5,600,187 are useful as a tuning capacitor in an electrodeless HID lamp
ballast;

- The peak of energy density is not high;

- It can be utilized only for obtaining a variable capacitor of picofarad values;

- It cannot be utilized for obtaining a variable Electrolytic Capacitor, etc.

Examples of switching capacitor without moving parts are described in US Patent No
3,778,645, C1.307/318. This invention includes the steps of: connecting a tunneling capacitor in
series with m parallel connected an invariable resistor and a second capacitor; applying a bias
potential to said tunneling capacitor. As a result of applying a bias potential to said tunneling
capacitor, the tunneling current increases exponentially and capacitance is changed from a first value
to a second value. A pulse direct current voltage source is utilized for applying said bias potential.
Technical solutions of the Patent No 3,778,645 do not include a switching device connected to said
tunneling capacitor. The equivalent circuit is presented with a switching device SW, (FIG.3) for
explaining creation of a tunneling current by said tunneling capacitor and by said applied bias
potential. In the Patent No 3,778,645, one cannot find the following information: is said tunneling
capacitor larger or smaller in comparison with said second capacitor?; is said resistor connected in
parallel with larger or smaller of said capacitors? This method has following shortcomings:

The pulse direct current voltage source affects the value and the form of operating
alternating voltage, during applying the bias potential;

It cannot be utilized in an operating circuit of direct current because said method cannot
provide a rapid extraction of all stored energy into a load;

Used principle of changing a capacity cannot smoothly change a capacitance and cannot
transform other types of capacitors into variable capacitors;

The tunneling current increases energy losses. It is also necessary to underline that the
technical solutions, presented in the Patent No 3,778,645, can only function with said tunneling
capacitor whose structure 1s described m the claims 2, 3 and 7 of said Patent.

A conception which permits transforming all types of invariable capacitors of direct current
into adjustable capacitors with stepless control of capacity does not exist in the art and an adjustable
Electrolytic Capacitor does not exist on the market.

A conception which permits obtaining voltage drop devices (for a serially connected load)
with stepless voltage drop control, without energy losses (practically) and which can replace variable
resistances does not exist in the art.
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SUMMARY OF THE INVENTION

The present invention includes the new conception of changing the total stored energy of at
least two capacitors or at least two groups of capacitors which are connected in series. The
expressions from (1) to (10), described in the detailed description of the invention, are the theoretical
base of said new conception. The invention permits transforming all types of invariable capacitors of
direct current into adjustable capacitors and providing broad ranges of changing a capacity of the
adjustable capacitor without changing therr mechanical structure. The mentioned conception is
realized by the steps of:
choosing the capacity of a first capacttor or a first group of capacitors, which has first and second
output terminals, no more than the capacity of a second capacitor or a second group of capacitors
which has first and second output terminals;
connecting at least said first and second capacitors or said first and second groups of capacitors in
series;
connecting capacitor plates of said first capacitor or said first and second output terminals of said
first group of capacitors through at least one cell, which changes its resistance or reactance, and/or
at least one switching device and/or at least one adjustable resistance device and/or at least one
adjustable reactance device;
then converting at least one of said cells or switching devices or adjustable resistance devices or
adjustable reactance devices into a non-conducting state or into a state with higher impedance within
charging of said second capacitor or said second group of capacitors;
and then connecting clectrically the capacitor plates of said first capacitor or said first and second
output terminals of said first group of capacitors.

It 1s possible to change a capacity of the adjustable capacitors differently:

- by changing the duration of a period of time when at least one of said cells or switching
devices or adjustable resistance devices or adjustable reactance devices is in a non-conducting state
or in a state with higher impedance;

- by changing a value of resistance and/or reactance of supplementary adjustable cell and/or
supplementary adjustable resistance or reactance device(s);

- by changing a value of a voltage of voltage source.

Another object of the invention i1s to obtain Adjustable Electrolytic Capacitors, Vacuum
Capacitors, Gas Capacitors, Ceramic Capacitors, Mica Capacitors, etc. which can be easily
manufactured. This third object is attained by step of:
combining a capacitor plate of said first capacitor with a capacitor plate of said second capacitor,
which have the same potential, or combining the capacitor plates of said first group of capacitors
with the capacitor plates, which have the same potential, of said second group of capacitors.

Another object of the invention 1s to obtain Vacuum and Gas adjustable capacitors with the
higher energy density. This fourth object is attained by the by step(s) of:
making the area of the non-combined capacitor plate or plates of said first capacitor or said first
group of capacitors smaller than the area of said combined capacitor plate or said combined
capacitor plates;
and/or nstalling said all capacitor plates in a hermetic volume;
filling said hermetic volume by at least a gas with a higher pressure than the atmospheric pressure or

creating a vacuum in said hermetic volume with a pressure between 107 and 0,6 Pa.
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Another object of the present invention 1s to obtain adjustable capacitors which can multiply
a voltage of said voltage source. This fifth object is attained by steps of:
choosing 2n (where n = 1, 2, 3, 4, ... etc) other capacitors or 2n other groups of capacitors, each 2
of said 2n other capacitors or each 2 of said 2n other groups of capacitors having capacities equal to
capacities of said first and second capacitors respectively or equal to capacities of said first and
second groups of capacitors respectively,
or choosing 2n (where n=1, 2, 3, 4, ... etc) other capacitors or 2n other groups of capacitors;
repeating on each 2 of said other capacitors or on each 2 of said other groups of capacitors all steps
which are realized with said first and second capacitors or all steps which are realized with said first
and second groups of capacitors;
connecting said first, second and said 2n other capacitors or said first, second groups of capacitors
and said 2n other groups of capacitors in series during discharging of said all capacitors.

Another object of the invention is to obtain adjustable capacitors of alternating voltage which
can be utilized as voltage-drop devices with stepless control of voltage drop and without energy
losses (practically). This sixth object is attained by steps of:
connecting a third capacitor or a third group of capacitors, which has first and second output
terminals, with said first capacitor or first group of capacitors or with said second capacitor or
second group of capacitors in series;
removing charging of said third capacitor or said third group of capacitors by a short circuit or by a
circuit with a low impedance during a period of time when the voltage direction is positive;
removing charging of said first capacitor or said first group of capacitors by a second short circuit or
by a circuit with a low impedance during a period of time when the voltage direction is negative;
connecting capacitor plates of said third capacitor or said output terminals of said third group of
capacitors through at least one additional cell, which changes its resistance or reactance, or at least
one additional switching device or at least one additional adjustable resistance device or at least one
additional adjustable reactance device;
then converting at least one of said additional cells or additional switching devices or additional
adjustable resistance devices or additional adjustable reactance devices into a non-conducting state
or into a state with higher impedance within charging of said second capacitor or said second group
of capacitors;
and then connecting electrically the capacitor plates of said third capacitor or said output terminals of
said third group of capacitors.

The objects, advantages and many other novel features of the present invention are apparent
from the following detailed description when read in conjunction with the appended claims and
attached drawings.

DESCRIPTION OF THE DRAWINGS

The invention is hereinafter described with reference to the accompanying drawing in which:

-FIG.1 and FIG.2 illustrate the step of connecting at least first 1 and second 2 capacitors or
first 1 and second 2 groups of capacitors in series;

-FIG.2, FIG.3, FIG.4, FIG.5, FIG.6, FIG.7 and FIG.8 illustrate the step of connecting
capacitor plates of said first capacitor 1 or said first group of capacitors 1 or their terminals through
at least one cell 3 (FIG. 3 and FIG.7), which changes its resistance or reactance, and/or at least one
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switching device 4 (FIG.4 and FIG.7) and/or at least one adjustable resistance 5 (FIG.5) and/or at
least one adjustable reactance 6 device(s) (FIG.6a and FIG.6b).

As a cell, which changes its resistance or reactance can be used: a photoconductive cell or cells 3a,
3b (FIG.8), a photoelectric cell 3 (FIG.7), a photorelay, a photodiode, a material which changes its
resistance with changing in temperature, for example VO, .

As a switching device 4 can be used: an electronic switching device (for example: a photo-thyristor
4, F1G.7), a triode, a thyratron, a gas-discharge switching device or a mechanical switching device
when electric charge time constant of the second capacitor 2 or the second group of capacitors 2 is
big;

-FIG.9, FIG.10 and FIG.42 explain the steps of changing a capacity of the adjustable
capacitor by changing the duration of a period of time when at least one of said cells or the switching
device 4 is in a non-conducting state;

-FIG.11, FIG.12 and FIG.15 explain the steps of: connecting a voltage source 8 to the
capacitor plates (which do not have the same potential) of said first 1 and second 2 capacitors or to
output terminals (which do not have the same potential) of said first 1 and second 2 groups of
capacitors through at least one supplementary cell (which changes its resistance or reactance) and/or
through at least one supplementary adjustable resistance 12 or reactance 13 devices; and changing a
capacity of the adjustable capacitor by changing a value of resistance and/or reactance of said
supplementary adjustable cell and/or said supplementary adjustable device(s) 12 and 13. FIG.15
explains process of charging the second capacitor 2 or process of charging the second group of
capacitors 2 when the resistance 12 has different values. A switching device 10 of a load 9 provides
discharge of said capacitors in demanded time;

-FIG.13 and FIG.14 explain the steps of: connecting the capacitor plates (which do not have
the same potential) of said first 1 and second 2 capacitors or said output terminals (which do not
have the same potential) of said first 1 and second 2 groups of capacitors through a voltage source 8;
connecting a load 9 to the capacitor plates (which do not have the same potential) of said first 1 and
second 2 capacitors or to said output terminals (which do not have the same potential) of said first 1
and second 2 groups of capacitors through a threshold switch 14; choosing the maximum voltage of
the voltage source 8 more than the started voltage of the threshold switch 14; and changing a
capacity of the adjustable capacitor by changing a value of a voltage of said voltage source 8. As a
threshold switch 14 can be used a spark gap;

-In FIG.9, FIG.10, FIG.11 and FIG.13 said step of connecting electrically the capacitor
plates of the first capacitor 1 or the first group of capacitors 1 (FIG.10), is realized through at least
one diode 7 which is installed against current of charging of the first capacitor 1 or the first group of
capacitors 1. A thyristor 4-2 (FIG.14), with control unit 15, can be used instead of the diode 7;

-FIG.16 explains the steps of: detecting the voltage of the first capacitor 1, by a detector of
voltage 17, within its discharging; receiving signals of detecting and using said signals ( by a control
unit 18 of an arrester 4-2) in the step of connecting electrically the capacitor plates of the first
capacitor 1;

-In F1G.17, F1G.18, FIG.19, FIG.20, FIG.21, FIG.22, FIG.23, FIG.24, FIG.25, FIG.26 and
FIG.27 the first 1 and second 2 capacitors have a combined plate 20 or combined plates 20. These
realizations include: non-combmed capacitor plates 19 and 21 of the first 1 and the second 2
capacitors; an insulator 22 of the first capacitor 1; an insulator 23 of the second capacitor 2; an
insulator 24; msulators 25 and 26 of a gas or a vacuum adjustable capacitor; a chamber 27; an
opening 28; coolers 29 and conductors 30;

-FIG.28 and FIG.29 explain the steps which multiply a voltage of the voltage source 8 and
ensure high ranges of changing the capacity of the adjustable capacitor. These realizations include:
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two other capacitors 1-1 and 2-2; arresters 31 and 32; at least one diode 33; resistances R;
switching devices 4-1 and 4-3; arresters 4-2 and 4-4 and diode 7-2. As an arrester can be used a
spark gap;

-FIG.30 and FIG.31 1illustrate the step of connecting the first 1, second 2 and a third 34
capacitors or the first 1, second 2 and third 34 groups of capacitors in series;

-F1G.31, FIG.32, FIG.33, FIG.34 and FIG.35 illustrate the step of connecting capacitor
plates of the third capacitor 34 or the third group of capacitors 34 or their terminals through at least
one additional cell 3A (FIG.32), which changes its resistance or reactance, and/or at least one
additional switching device 4A (FIG.33), and/or at least one additional adjustable resistance 5A
(FIG.34), and/or at least one additional adjustable reactance 6A (FIG.35) device(s);

-F1G.36, FIG.37, FIG.38 and F1G.39 explain the steps which are necessary for obtaining the
adjustable capacitor n an electric circuit of alternating voltage. These realizations include: an
additional switching device 4A; a voltage source 35, a switching device 36 and a rectifier 37,

-In FIG.40 the third group of capacitors 34 is connected with the second group of capacitors
2 1n series;

-In F1G.41 the third 34 and the second 2 capacitors have combined plates 21. These
realizations include non-combined capacitor plates 38 and an msulator 39 of the third capacitor;

-FIG.42 illustrates a second realization which ensures changing the capacity of the adjustable
capacitor by changing the duration of a period of time when at least one cell is in a non-conducting
state or in a state with higher impedance. This realization includes: a transistor switch 49 with
resistances 40, 41 and 42; an adjustable resistance 43; a capacitor 44; a photoconductive cell 45; a
threshold switch 46; triggers 47 and 50; light sources 48 and 51.

DETAILED DESCRIPTION OF THE INVENTION

The method of achieving the purpose of changing a capacity of the adjustable capacitor, by
changing the duration of a period of time when the switching device 4 is in a non-conducting state, is
demonstrated below for the realization shown in FIG.9.

to (FIG.15) is a moment of switching on the voltage source 8. In the moment ty or before the
moment tg , the step of connecting the capacitor plates of the first capacitor 1 is realized by

switching on the switching device 4. In a moment t1 (FIG.15), the step of converting the switching
device 4 into a non-conducting state is realized by switching off the switching device 4. The charging

of the first capacitor 1 begins at this moment €y .

A period of time Af, when the switching device 4 is in a non-conducting state, within
charging of the second capacitor 2, is given by the following condition:

0L At <357 (1)
where: R;; X Cy = T is electric charge time constant of the second capacitor 2; R;; is the
resistance of the resistance 11 (FIG.9); C, is the capacity of the second capacitor 2.
Ina moment tg (tr - tg < SR;; X C,), the process of charging the capacitors 1 and 2 is finished.
At this moment tg or later in a moment t3 , the step of discharging the adjustable capacitor is

started by switching on the switching device 10 (FIG.9). In a moment t3 (FIG.15), the process of

discharging the first capacitor 1 is fimshed and the step of connecting electrically the capacitor plates
of the first capacitor 1 is realized by diode 7.
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During a period of time Aty = t4 - t3 , the step of discharging the second capacitor 2 is realized
through the diode 7. In a moment t4 , the process of discharging the second capacitor 2 is finished.

In this moment 4 , described above process of charging the adjustable capacitor can be repeated by
switching off the switching device 10.

In case of At = 5R;; X C, , the capacity of the adjustable capacitor C, is given by
following expression:

Ca =(C; x C)/(Cy + Cy) (2)

where C; and C, are the capacities of the first 1 and the second 2 capacitors.
In case of At = 0, the capacity of the adjustable capacitor C4 is given by
C A Cz (3)
Therefore, by changing the duration of the period of time At (when the switching device 4 is in a
non-conducting state) one can change the capacity of the adjustable capacitor C4 within limits:

(Ci X C)/(Cy + C) < Cp £ Gy (4)

After finishing process of charging the adjustable capacitor, the energy of the adjustable
capacitor W and voltages of capacitors are given by the following expressions:

W, =C, x Up?/2 + C, x Uy’ /2 (5)

Us :Ul +U2 (6)

Wa = Ca x (U + Uy)?/2 (7)
At

U = 1/C x Jixdt (8)
C

Where: U; and U, are the voltages of the first 1 and the second 2 capacitors; Ug is the voltage

of the voltage source 8; Cy is the capacity of the adjustable capacitor; 1 instantaneous current; At
the duration of a period of time when the switching device 4 is in a non-conducting state.

In case of C; <, , it follows from above expressions (4), (5), (6), (7), (8) that:
-the more C, / C; the more range of changing C, ;

- incase of At = 51T, C, isofthe order of C; ;

- the more At theless Cyu ;
Consequently, in case of C,/ C; = 10 one can change C 5 approximately 11 times, in case of

C, / C; = 1000 one can change C, approximately 1000 times etc.. Mentioned results are the
same for the first 1 and the second 2 groups of capacitors connected in series (FIG.10 and FI1G.9).

Therefore, the method offered provides the revolutionary broad ranges of changing the capacity of

the adjustable capacitor.
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The method of achieving the purpose of changing a capacity of the adjustable capacitor,

by changing a value of the supplementary adjustable resistance 12 or the supplementary adjustable
reactance 13, is demonstrated below for the realization shown in FIG.11 and FIG.12.

Achieving this purpose includes the step of connecting a voltage source 8 to the capacitor plates,
which do not have the same potential, of the first 1 and the second 2 capacitors through at least one
supplementary adjustable resistance 12 and/or at least one supplementary adjustable reactance 13
device(s).

Curves 1, 2 and 3 (FIG.15) demonstrate the process of charging the second capacitor 2 (FIG.11)
when the switching device 4 is in a conducting state. Dotted lines 1, 2 and 3 (FIG.15) demonstrate
the process of charging the second capacitor 2 (FIG.11) when the switching device 4 is on all the
time when charging the second capacitor 2. The values of supplementary adjustable resistance 12 for

curves 1, 2 and 3 are respectively equal to R 2.1, Rj22 and Ryy3 . Their values are given by
conditions

Ris3 < Rppa < Rz
R = Ry (9)

When the switching device 4 is in a conducting state the process of charging the second capacitor 2
is given by following expression

U=Ux(1 - et/R2xC) (10)
where R, is the resistance of the resistance 12 (FIG.11).

Us.1, Uss and U,z (FIG.15) are the voltages of the second capacitor 2 when R, is respectively
equalto Ryo;, Ryzn and Ryp;.

It follows from above expressions (5), (6), (7), (10) that:

- the more Ry, the less the voltage U, (FIG.15) in the same moment of the process of
charging C, ;

- the more R, the less C, , when the step of converting the switching device 4 into a
non-conducting state is realized after the same time delay Aty , for example:

At =t - ty (FIG.15).

Consequently, one can change the capacity of the adjustable capacitor CA by changing the value of
the supplementary adjustable resistance 12. In case of changing the capacity of the adjustable

capacitor by changing a value of the supplementary adjustable reactance 13 (FIG.12) there is not
energy loss.

The method of achieving the purpose of changing a capacity of the adjustable capacitor,
by changing the value of a voltage of the voltage source 8 is demonstrated below for the realization
shown in FIG.13 and FIG.14. Achieving of purpose includes the steps of:
connecting the capacitor plates of the first 1 and the second 2 capacitors through the voltage source
8;
connecting a load 9 to the capacitor plates of the first 1 and the second 2 capacitors through a
threshold switch 14;
choosing the maximum voltage of the voltage source 8 more than the started voltage of the threshold
switch 14.
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The values of voltages are given by following conditions:

Us > Up (11)

Usp = U + U (12)
where Up is the started voltage of the threshold switch 14 which for this realization equal to the

breakdown voltage of the arrester 14.
It follows from above expressions (5), (7), (10), (11), (12) that:

- the more Ug the more Uj; in a moment €3 when the step of converting the switching
device 4 into a non-conducting state is realized by switching off the switching device 4;

- the more Ug the less U; in a moment of breakdown of the arrester 14;
- the more Ug the more C, when the step of converting the switching device 4 into a non-

conducting state is realized in the same moment, for example in a moment t3 (FIG.15).

Consequently, one can change the capacity of the adjustable capacitor C4 by changing the
value of a voltage of the voltage source 8.

In case of a big discharging current, the step of connecting electrically the capacitor plates of
the first capacitor 1 can be realized by the thyristor 4-2 (F1G.14) or the arrester 4-2 (FIG.16).
When the adjustable capacitor must be discharged during a period of time, which 1s of the order of
microseconds and less, the step of connecting electrically the capacitor plates of the first capacitor 1
is realized by the arrester 4-2 (FIG.16), with a starting electrode 16, or can be realized by a triode or
a thyratron. The control unit 18 of the arrester 4-2 forms trigger pulses for the starting electrode 16.
The control unit 18 can have 4 or 5 terminals (fifth terminal 1s showed as a dotted line). The step of
detecting the voltage of the first capacitor 1 (FIG.16) within it discharging 1s realized by the detector
of voltage 17. The control unit 18 of the arrester 4-2 uses the signals of detecting in the step of

connecting electrically the capacitor plates of the first capacitor 1. In a moment €3 (FIG.15), the
arrester 4-2 1s in a conducting state.

The step of combining a capacitor plate of the first capacitor 1 with a capacitor plate of the
second capacitor 2, which have the same potential, is demonstrated below for the different
realizations:

1. The area of the combined capacitor plate 20 i1s equal to the area of each of the non-
combined capacitor plates 21 and 22 (FIG.17);

2. The area, of the non-combined capacitor plate 19 (FI1G.18, FIG.20, FIG.21, FIG.22) or
plates 19 (FIG.19, FIG.26, FIG.27) of the first capacitor or the first group of capacitors, is realized
smaller than the area of the combined capacitor plate 20 or the combined capacitor plates 20. This
step, in case of using the same insulators 22 and 23 (examples: Oil Capacitors, Gas Capacitors,
Vacuum Capacitors ), ensures minimal dimensions;

3. The area of the combined capacitor plates 20 is realized bigger than the area of each of the
non-combined capacitor plates 19 and 21 (FIG.19, FIG.20, FIG.21, FIG.22, FIG.26, FIG.27). This
step ensures a high peak of energy density of the adjustable capacitor;

4. All capacitor plates are realized as spirals (FIG.20, F1G.21, FIG.22). This step ensures a
high peak of energy density of the adjustable capacitor, for example a high peak of energy density of
Electrolytic adjustable capacitor (in this time an Electrolytic adjustable capacitor does not exist);

5. The area of the combined capacitor plate 20 is realized smaller than the area of each of the
non-combined capacitor plates 19 and 21 (FIG.23, F1G.24, FIG.25). This step permits to change the
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capacity of the adjustable capacitor C, smoothly within a range which is of the order of C, .
Constructions of the first and second capacitors can have two or more combined plates (FIG.25) and

two or more different ranges of changing C ;

6. The realizations shown in FI1G.17, FIG.18, FIG.23, F1G.24 and FIG.25 include the step of
isolating the capacitor plates 19 and 20 of the first capacitor by at least one insulator 22 which has
lesser permittivity than the permittivity of the insulator 23 (FIG.17) of the capacitor plates of the
second capacitor or msulators 23 and 24 (FIG.23). As insulators 23 and/or 24 can be used

BaSnQ; , BaZrO; , CaTiOj3 , etc. which have big permittivity. The step of isolating the capacitor
plates 19 and 20 of the first capacitor by insulator 22, which has lesser permittivity than the
permittivity of the insulator 23 (FIG.17) and/or insulator 24, ensures the lowest cost price and broad

ranges of the capacity of the adjustable capacitor Cp ;

7. The steps of installing said all capacitor plates in a hermetic volume, filling said hermetic
volume by at least a gas with a higher pressure than the atmospheric pressure or creating a vacuum

in said hermetic volume with a pressure between 10" and 0,6 Pa, ensure a high peak of energy
density of Gas and Vacuum Capacitors because:

- between the vacuum pressure about 0,6 Pa and the atmospheric pressure, the electric
strength of vacuum 1s less than 30 kV/cm;

- the electric strength of the air, in case of normal atmospheric pressure, is about 30 kV/cm;

- the more pressure of the air the more the electric strength of the air. For example, the
electric strength of the air 1s about 380 kV/cm, in case of the pressure of the air about 15
atmosphere;

- the less a vacuum pressure (less than 0,6 Pa) the more the electric strength of a vacuum.
For example, the electric strength of the vacuum, with the pressure about 0,001 Pa, is about 200
kV/cm.

The step of creating a vacuum with a low pressure ensures a high peak of energy density of the

adjustable capacitor. It is possible to create a vacuum with a pressure about 1078 Pa.
The opening 28 (FIG.26, FIG.27) 1s closed after creating a vacuum inside of the chamber 27 or the

opening 28 is closed after filling the chamber 27 by at least a gas (for example: by the gas H; ) with
a higher pressure than the atmospheric pressure.

8. The step of cooling the capacitor plates by a cooling system or coolers 29 (FIG.27),
mstalled outside of the hermetic volume, increases allowable frequency of charging and discharging
the adjustable capacitor. Said coolers are connected to capacitor plates 19, 20 and 21 by thick
conductors 30 (FIG.27), which have a high thermal conductivity (for example Cu). For vacuum
capacitors, this step of cooling is more necessary. One can use a coolant for cooling the capacitor
plates 19, 20 and 21. In this case, the plates 19, 20 and 21 can have hermetic passages for the
coolant (inside themselves).

It follows from the above constructions that the step of combining a capacitor plate of the
first capacitor with a capacitor plate of the second capacitor or combining the capacitor plates of the
first group of capacitors with the capacitor plates of the second group of capacitors ensures the
lowest cost price of manufacturing the first 1 and the second 2 capacitors.

The steps of choosing at least two other capacitors 1-1 and 2-2 (the capacities of said other
capacitors 1-1 and 2-2 can be equal to the capacities of said first 1 and second 2 capacitors
respectively), connecting said other capacitors 1-1 and 2-2 in series (FIG.28 and FIG.29), repeating
on the capacitors 1-1 and 2-2 all steps which are realized with the first 1 and the second 2 capacitors,

10
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connecting the first 1, the second 2 and other capacitors 1-1, 2-2 in series during discharging of said
all capacitors 1, 2, 1-1 and 2-2 ensure:

obtaining a voltage U on a load 9 about two times more than a voltage Ug of a voltage source 8
with the revolutionary broad ranges of changing a capacity of the adjustable capacitor Cj, .

UL ~ 2US (13)
When the number of other capacitors is equal to 2n (wheren =2, 3,4, 5 ..., etc. )
UL~ Us x (1+n) (14)

The step of connecting the first 1, the second 2 and the other capacitors 1-1, 2-2 in series and

the step of discharging all capacitors 1, 2, 1-1 and 2-2 are realized by switching on the arrester 31
because:

2Us > U (15)
where U p_3» is the breakdown voltage of the arrester 32.
The step of repeating on the capacitors 1-1 and 2-2 all steps which are realized with the first
1 and the second 2 capacitors is realized by the switching device 4-3 and the diode 7-2 (F1G.28) or
by the switching device 4-3 and the arrester 4-4 (FIG.29). The realization in FIG.29 ensures equal
conditions of charging the first 1, the second 2 capacitors and the other 1-1, 2-2 capacitors.
Therefore, the step of repeating, on the capacitors 1-1 and 2-2 all steps which are realized with the

first 1 and the second 2 capacitors, can be realized in the same time with the steps on the first 1 and

the second 2 capacitors. The diode 33 ( FIG.29) protects the voltage source 8 during discharging of
all said capacitors.

Ugaz > 2Us (16)
where Upg_ 33 is the breakdown voltage of the diode 33.

Known Marx Generators cannot change the capacity of capacitors. Consequently, the
described above steps ensure transformation of all types of Marx Generators into new Generators
with the revolutionary broad ranges of changing capacities of Generators.

The method of obtaining the adjustable capacitor for alternating voltage, in which said steps

of charging and discharging said capacitors or said groups of capacitors are realized through at least
one load, is demonstrated in FI1(G.36.

The method of obtaining the adjustable capacitor for alternating voltage, in which said steps
of charging and discharging said capacitors or said groups of capacitors are realized through at least
one load and rectifier, is demonstrated in F1G.39.

FIG.38a demonstrates an alternating voltage of the voltage source 35. Curve 1 (FIG.38b)
demonstrates charge variation Q of the second capacitor 2. Dotted line 2 demonstrates charge
variation Q of the second capacitor 2 when the switching device 4 and 4A are on all the time when
charging the second capacitor.

The method of obtaining the adjustable capacitor for alternating voltage is demonstrated
below.

The third capacitor 34 is connected in series with the first capacitor 1 (FIG.36, FIG.39). In a

moment g (FIG.38a), the step of connecting the capacitor plates of the third capacitor 34 by a first
short circuit, during a period of time when the voltage direction is positive, is realized by switching

on the additional switching device 4A. In this moment tg , the step of connecting the capacitor plates
of the first capacitor 1 is realized by switching on the switching device 4. fp is a moment of

switching on the voltage source 35. The charging of the second capacitor 2 begins at this moment g

11
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(FIG.38b). In a moment t; (FIG.38a), the step of converting the switching device 4 into a non-
conducting state is realized by switching off the switching device 4. The charging of the first

capacitor 1 begins at this moment €3 . In a moment t3 , the process of charging the capacitors 1 and

2 is finished and the process of discharging the capacitors 1 and 2 is started. In a moment {3

(FIG.38b), the process of discharging the first capacitor 1 is finished and the step of connecting
electrically the capacitor plates of the first capacitor 1 is realized by the diode 7. During a period of

time Aty = t4 - t3 , the step of discharging the second capacitor 2 is realized through the diode 7.

In a moment t4 , the process of discharging the second capacitor 2 is finished. In this moment €4 ,

the step of connecting the capacitor plates of the first capacitor 1 by a second short circuit during a
period of time when the voltage direction is negative is realized by switching on the switching device

4. The charging of the second capacitor 2 begins at this moment t4 (FIG.38b). During a period of

time Aty = t5 - t4 , the step of connecting the capacitor plates of the third capacitor 34 through
the additional switching device 4A is realized because the additional switching device 4A is In

switching on state. In a moment t5 (FIG.38b), the step of converting the additional switching device
4A into a non-conducting state is realized by switching off the additional switching device 4A. The

charging of the third capacitor 34 begins at this moment s . In a moment g , the process of
charging the capacitors 2 and 34 is finished and the process of discharging the capacitors 2 and 34 1s

started. In a moment t7 (FIG.38b), the process of discharging the third capacitor 34 is finished and
the step of connecting electrically the capacitor plates of the third capacitor 34 is realized by the

additional diode 7A. During a period of time Atg = tg - t7 , the step of discharging the second
capacitor 2 is realized through the additional diode 7A. In a moment tg , the process of discharging

the second capacitor 2 is finished. At this moment tg , the step of connecting the capacitor plates of
the third capacitor 34 by a first short circuit during the period of time when the voltage direction 1s
positive is repeated.

Described realizations shown in FIG.36 and FIG.39 can be used for controlling the maximum

voltage of charging the adjustable capacitor U, . One can change U, by changing the duration of a
period of time t3 - tg and &5 - t4 when (FIG.38a) capacitor plates of the second capacitor 2 are
connected by a third short circuit (the switching device 36 is on during a period of time t1 - fp and

ts - t4 and the switching device 36 is off during a period of time t4 - t; and tg - t5 . Therefore,
these realizations can be used for controlling the maximum voltage of the load L and for changing
motor speed. In case of three phases, the realization shown in FIG.36 can be repeated for each

phase. The branch with the first 1, second 2 and third 34 capacitors can be connected in parallel with
voltage source 35 (FIG 37) and the load L.

The step of combining the capacitor plates of said third group of capacitors with the
capacitor plates, which have the same potential, of said second group of capacitors is demonstrated
in FIG.41. It is obvious that the steps illustrated in FIG.17, FIG.18, F1G.19, F1G.20, FIG.21,
FIG.22, FIG.23, FIG.24, F1G.25, FIG.26 and FIG.27 can be repeated on the combined 21 and non-
combined 38 capacitor plates of the third capacitor 34 (FIG.41). These steps ensure the lowest cost
price of manufacturing the first 1, second 2 and third 34 capacitors.

12
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The realization, shown in FIG.42, uses as a cell a photoconductive cell 3. During a period of

time Aty = tg - g (FIG.15), the capacitor plates of the first capacitor 1 are connected through the
photoconductive cell 3 because the light source 48, which i1s optically connected with the

photoconductive cell 3, is on. In a moment €3 , Uy = U 446 , where Uyy is a voltage of the
capacitor 44, U y,4¢ is the threshold voltage of the threshold switch 46.

At this moment €y , the trigger 47 breaks electric current of the light source 48. In a moment
tr (tr - t9p <SR,y x C, ), the process of charging the capacitors 1 and 2 is finished. During a
period of time tg - t; , the photoconductive cell 3 is in a state with higher impedance. During a
period of time €F - tp , the photoconductive cell 45 is in a state with higher impedance because the

light source 51, which is optically connected with the photoconductive cell 45, is off. In a moment {4

(FIG.15), the transistor switch 49 breaks electric current of the resistance 42 and electric current of

the light source 51 is on by the trigger 50. The photoconductive cell 45 is in a state with low
impedance and the capacitor 44 is discharged. Therefore, the light source 48 is on. One can change

the duration of a period of time At = tg - €1, when the photoconductive cell 3 is in a state with a
higher impedance, by changing the value of the resistance 43.

13
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Further modifications of the invention herein disclosed will occur to persons skilled in the art
and all such modifications are deemed to be within the spirit and scope of the invention as defined by
the appended claims.

What is claimed is:

1. The method of obtaining the adjustable capacitor comprising the steps of:
choosing the capacity of a first capacitor or a first group of capacitors, which has first and second
output terminals, no more than the capacity of a second capacitor or a second group of capacitors
which has first and second output terminals;
connecting at least said first and second capacitors or said first and second groups of capacitors in
series;
connecting capacitor plates of said first capacitor or said first and second output terminals of said
first group of capacitors through at least one cell, which changes its resistance or reactance, or at
least one switching device or at least one adjustable resistance device or at least one adjustable
reactance device;
then converting at least one of said cells or switching devices or adjustable resistance devices or
adjustable reactance devices into a non-conducting state or into a state with higher impedance within
charging of said second capacitor or said second group of capacitors;
and then connecting electrically the capacitor plates of said first capacitor or said first and second
output terminals of said first group of capacitors.

2. The method of obtaining the adjustable capacitor as claimed in claim 1 in which said steps
of:
connecting the capacitor plates of said first capacitor or said first and second output terminals of said
first group of capacitors through at least one cell, which changes its resistance or reactance, or at
least one switching device or at least one adjustable resistance device or at least one adjustable
reactance device is realized right from the beginning of charging said second capacitor or said second
group of capacitors or before charging said second capacitor or said second group of capacitors;
connecting electrically the capacitor plates of said first capacitor or said first and second output
terminals of said first group of capacitors is realized within discharging of said second capacitor or
said second group of capacitors.

3. The method of obtaining the adjustable capacitor as claimed in claim 1 in which said step
of connecting electrically the capacitor plates of said first capacitor or said first and second output
terminals of said first group of capacitors is realized as a short circuit.

4. The method of obtaining the adjustable capacitor as claimed in claim 1 in which said step
of connecting electrically the capacitor plates of said first capacitor or said first and second output
terminals of said first group of capacitors is realized at the end of discharging of said first capacitor
or said first group of capacitors or in time when discharging of said first capacitor or said first group
of capacitors is finished.

5. The method of obtaining the adjustable capacitor as claimed in claim 1 in which said step
of connecting electrically the capacitor plates of said first capacitor or said first and second output
terminals of said first group of capacitors is realized through at least one diode which is installed
against current of charging of said first capacitor or said first group of capacitors.

14
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6. The method of obtaining the adjustable capacitor as claimed in claim 1, 2, 3, 4 or 5, further
comprising the step of changing a capacity of the adjustable capacitor by changing the duration of a
period of time when at least one of said cells or switching devices or adjustable resistance or
adjustable reactance devices is in a non-conducting state or in a state with higher impedance.

7. The method of obtaining the adjustable capacitor as claimed in claim 1, 2, 3, 4 or 5, further
comprising the steps of:
connecting a voltage source to the capacitor plates, which do not have the same potential, of said
first and second capacitors or to said output terminals, which do not have the same potential, of said
first and second groups of capacitors through at least one supplementary cell, which changes its
resistance or reactance, or through at least one supplementary adjustable resistance device or
through at least one supplementary adjustable reactance device;
and changing a capacity of the adjustable capacitor by changing a value of resistance or reactance ot
at least one of said supplementary adjustable cells or by changing a value of resistance or reactance
of at least one of said supplementary adjustable resistance or adjustable reactance devices.

8. The method of obtaining the adjustable capacitor as claimed in claim 1, 2, 3, 4 or 5, further
comprising the steps of:
connecting the capacitor plates, which do not have the same potential, of said first and second
capacitors or said output terminals, which do not have the same potential, of said first and second
groups of capacitors through a voltage source;
connecting a load to the capacitor plates, which do not have the same potential, of said first and
second capacitors or to said output terminals, which do not have the same potential, of said first and
second groups of capacitors through a threshold switch;
choosing the maximum voltage of said voltage source more than the started voltage of said threshold
switch;

and changing a capacity of the adjustable capacitor by changing a value of a voltage of said voltage
source.

9. The method of obtaining the adjustable capacitor as claimed in claim 1, 2, 3 and 4 further
comprising the steps of:
detecting the voltage of said first capacitor or said first group ot capacitors or detecting the voltage
of said second capacitor or said second group of capacitors within its discharging;
receiving signals of detecting;
and using said signals in said step of connecting electrically the capacitor plates of said first capacitor
or said output terminals of said first group of capacitors.

10. The method of obtaining the adjustable capacitor as claimed in claim 1, further
comprising the step of combining a capacitor plate of said first capacitor with a capacitor plate of
said second capacitor, which have the same potential, or combining the capacitor plates of said first
group of capacitors with the capacitor plates, which have the same potential, of said second group of
capacitors.

11. The method of obtaining the adjustable capacitor as claimed i claim 10, further
comprising the step of making the area of the non-combined capacitor plate or plates of said first
capacitor or said first group of capacitors smaller than the area of said combined capacitor plate or
said combined capacitor plates.

15
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12. The method of obtaining the adjustable capacitor as claimed in claim 10, further

comprising the step of making the area of said combined capacitor plate or plates bigger than the
area of each of the non-combined capacitor plates.

13. The method of obtaining the adjustable capacitor as claimed in claim 12 in which said all
capacitor plates are realized as spirals.

14. The method of obtaining the adjustable capacitor as claimed in claim 10, further

comprising the step of making the area of said combined capacitor plate or plates smaller than the
area of each of the non-combined capacitor plates.

15. The method of obtaining the adjustable capacitor as claimed in claim 10, 11, 12, 13 or 14,
further comprising the step of isolating the capacitor plates of said first capacitor or said first group
of capacitors by at least one insulator which has lesser permuttivity than the permittivity of a mnsulator
or insulators of the capacitor plates of said second capacitor or said second group of capacitors.

16. The method of obtaining the adjustable capacitor as claimed in claim 12, further
comprising the steps of:
installing said all capacitor plates in a hermetic volume;
filling said hermetic volume by at least a gas with a higher pressure than the atmospheric pressure or

creating a vacuum in said hermetic volume with a pressure between 10" and 0,6 Pa.

17. The method of obtaining the adjustable capacitor as claimed in claim 16, further

comprising the step of cooling the capacitor plates by a cooling system or coolers installed outside of
said hermetic volume.

18. The method of obtaining the adjustable capacitor as claimed in clam 1, 2, 3, 4 or 5
further comprising the steps of:
choosing 2n (where n =1, 2, 3, 4, ... etc) other capacitors or 2n other groups of capacitors, each 2
of said 2n other capacitors or each 2 of said 2n other groups of capacitors having capacities equal to
capacities of said first and second capacitors respectively or equal to capacities of said first and
second groups of capacitors respectively,
or choosing 2n (where n= 1, 2, 3, 4, ... etc) other capacitors or 2n other groups of capacitors,
repeating on each 2 of said other capacitors or on each 2 of said other groups of capacitors all steps
which are realized with said first and second capacitors or all steps which are realized with said first
and second groups of capacitors;
connecting said first, second and said 2n other capacitors or said first, second groups of capacitors
and said 2n other groups of capacitors in series during discharging of said all capacitors.

19. The method of obtaining the adjustable capacitor as claimed in claim 1, further
comprising the steps of:
connecting a third capacitor or a third group of capacitors, which has first and second output
terminals, with said first capacitor or first group of capacitors or with said second capacitor or
second group of capacitors in series;
removing charging of said third capacitor or said third group of capacitors by a short circuit or by a
circuit with a low impedance during a period of time when the voltage direction is positive;
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removing charging of said first capacitor or said first group of capacitors by a second short circuit or
by a circuit with a low impedance during a period of time when the voltage direction is negative;
connecting capacitor plates of said third capacitor or said output terminals of said third group of
capacitors through at least one additional cell, which changes its resistance or reactance, or at least
one additional switching device or at least one additional adjustable resistance device or at least one
additional adjustable reactance device;

then converting at least one of said additional cells or additional switching devices or additional
adjustable resistance devices or additional adjustable reactance devices into a non-conducting state
or into a state with higher impedance within charging of said second capacitor or said second group
of capacitors;

and then connecting electrically the capacitor plates of said third capacitor or said output terminals of
said third group of capacitors.

20. The method of obtaining the adjustable capacitor as claimed in claim 19, further
comprising the step of choosing the capacity of said third capacitor or said third group of capacitors
equal to the capacity of said first capacitor or said first group ot capacitors.

21. The method of obtaining the adjustable capacitor as claimed in claim 19 in which said
step of connecting electrically the capacitor plates of said third capacitor or said output terminals of
said third group of capacitors is realized as a short circuit.

22. The method of obtaining the adjustable capacitor as claimed in claim 19 in which said
step of connecting electrically the capacitor plates of said third capacitor or said output terminals of
said third group of capacitors is realized through at least one additional diode which is installed
against current of charging of said third capacitor or said third group of capacitors.

23. The method of obtaining the adjustable capacitor as claimed in claim 19, in which said
steps of charging and discharging said capacitors or said groups of capacitors are realized through at
least one load.

24. The method of obtaining the adjustable capacitor as claimed in claim 19 in which said
steps of charging and discharging said capacitors or said groups of capacitors are realized through at
least one load and rectifier.

25. The method of obtaining the adjustable capacitor as claimed n claim 19, 20, 21, 22, 23 or
24, further comprising the steps of:
connecting capacitor plates of said second capacitor or said output terminals of said second group of
capacitors by a third short circuit or by a circuit with a low impedance;
then breaking said third short circuit or said circuit with a low impedance.

26. The method of obtaining the adjustable capacitor as claimed in claim 19, further
comprising the step of combining a capacitor plate of said third capacitor with a capacitor plate of
said second capacitor, which have the same potential, or combining the capacitor plates of said third
group of capacitors with the capacitor plates, which have the same potential, of said second group of
capacitors.
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27. The method of obtaining the adjustable capacitor as claimed in claim 26, further
comprising the step of making the area of the non-combined capacitor plate or plates of said third
capacitor or of said third group of capacitors smaller than the area of said combined capacitor plate
or plates.

28. The method of obtaining the adjustable capacitor as claimed in claim 12, 26, or 27,
further comprising the step of making the area of said combined capacitor plate or plates of said third
capacitor or of said third group of capacitors bigger than the area of each of said non-combined
capacitor plates.

29. The method of obtaining the adjustable capacitor as claimed in claim 1, 2, 3, 4, 5, 10, 11,
12, 13, 14, 16, 17, 19, 20, 21, 22, 23, 24, 26, or 27 in which C; << C, where C; and C, are the
capacities of the first and the second capacitors or are the capacities of the first and the second
groups of capacitors respectively.

Inventor: Mv Manvel Zakharian
\

18



CA 02206089 1997-06-06

INVENTOR MANVEL ZAKHARIAN

W/ Z2

_19._.



CA 02206089 1997-06-06

FIG10

13

FIG.12

INVENTOR MANVEL ZAKHARIAN

/=~ el

_80...



201

CA

02206089 1997-06-06

FIG.16

INVENTOR

-]

MANVEL ZAKHARIAN

A g5ep



CA 02206089 1997-06-06

o’o.o.b.o‘o.o.c.o.b.o..oo.o.

. - * . ) .

¢ & ¢ @ ¢ ¢ % ¢ e ¢ L ¢ @

L 2 IR K B AR A WY A A AR 0.0 0. .0 & ..0‘0.0‘
* 4
»

. . @

- 9

LR L IR K BN 2N N K N IR N N &
LR JE JE JSE S JE BE JE 2R IR R 3 BN
I ;‘
* & & & * D & @ &
¢ ¢ 9 0 ’0‘..”"..
.0.0‘0‘0‘9.0.0.0.0.0.0.0.0.0
&
. . . . - = | N
III L L JE IR IR IR I8 28 DR BN R U % R |
L 2 2N R BE BN BN BN SN BN SR BN BN 2N

N EREEEXE -
* & % 0 ¢ 0.0.0 0.0’0’0’0‘

‘26 S C DG S A
O....‘Q Q‘Q.Q.Q..’Q .‘....’.

D O
o O
Y C

F1G.19

ROLL UP

].E;i :::’ k"; t.’:
NS ol o g |
& 4 $4 » ¢
L 4 r ® *
4 4 L )
¢ 2 > &
’0‘¢ '0.1
& ¢ ¢ {

L 4
*e

%o

-
&
&

e

N

v
g

®
-

&
d
+

g

g
w
g

A 4
"
A A e ad o

\g
¢

¢
o
N g

s
-
®

o

A
s
&
P

A

»
¢h

w
‘J.

INVENTOR MANVEL ZAKHARIAN
7

_28_



CA 02206089 1997-06-06

20

ROLL UP

W'

o
0. 0.4

N/

-'-
OO
0%%%%"

0;:;0
L 2 2

,-
o®

”
*
K
X
Yo
>

OO
Jelele2e

W
.

v
\/

N/
X

o/

\/
7
)
7

$/

X/

9
S

4
5

3

O

X/

\/

0.

R IBE

PN

w

L/
¢

RN N N LR A 4
® & % S & 4B e
"..000000000

PO N X R R
R JE X X N LR % R K B R
cs o0 P esrsaALIOLE
¢ ® & & 9 ~ )
SO . , .
» & .

~ voo e e e e e e TN O S
. o s RO e .
RPSASIE L LR L IE IR T i R g YOO
e ¢ &6 s
é o ¢
E=3

* P U ¢ ¥ v e Vo R Tw .
- ® ¢ 0 > > ¥ H S
¢ ¢ .‘. .‘Q..A..Q‘Q‘O.C.. .

.

*

0'0’0’0’0’0’0’0’0’0'9 .
e O & B O OB OGS SIS DLIOS .t

>
> »
.A
¢ & &
> &

¢
R R

LR JUIC IR S

» &
4« 4 % 2 v
L IS
&
- 5 0 H & 6 -

’9
.

¢ &

<«

a
0'..
s & & # @&
*

*

. & &
n..

¢+ 0o

- v W v ¥ @
LI K K BRI L IR
LR JE I K R R

4
[ 2
* ®
> »
* .. R 0.
Ve ’ - 9 P » ° .' -..
. - « B L .0 ® e
® o - - & » ‘o¥e
® . ¢ a > & . : *
> & - - = ¢ oo
* [ N > & .
> @& L & oy,
> ' .« @ & .
v e R * -
* (N 2 ®
L J ® % [ ] - . . - - ~ '. o .
&« @ L ®* & ¢ ¢ ¢ & 0
L L B o o & % &4 § 9>
> » ] & & o & ~
[ L
&
L 2 2
.

* ¢ & 4

PR R XX 2
PRAFAIE AP IR IAN o:o.o‘o.o.o.o‘o.o.ooo.a.
A At g A Gy RPN SIS PN S
ST I M IO
| e’ ote%t-*
"e'e s O @tV 9
'R R 4 » -
o~ & b A

2 e e e
s oo m o

b a A

90’

o e e”
* % o

- A A& & »

* .
" EEENEEXIEIAANE N,
* 4 ¢ & 0 4 ¢4 6 b e
LESPAPAIAPAA AN NN
EX Y T '-'.»: L
L Y ALt 4

e s 2'37a’e e’ s

r -

- &
>
» ‘.0.0.0.6...0.4 ‘.0 & &

FIG.22

INVENTOR MANVEL ZAKHARIAN

_{33..



CA 02206089 1997-06-06

F1G.23

21
v 23

O —
XX XD % ?
OaVa 0.9, 50008 AEM

19

FIG24

c cl .
0 RIS 72
e T

O X
};::0:03 Q"A. !:202030
19

B-2

N

N2

(ol

FIG.25

INVENTLOR MANVEL ZAKHARIAN

24- Vi aaig



CA 02206089 1997-06-06

12 es

V//////////

//////////////////

’0 ’0

¢!
N
e
.

’0
¢
b ¢
’0
\7

() C

. o 4 ®e - + & (3K * » '™ ® ¢
+
v, S, C.T ML M W
- - v - L 4 - ¢ - - -
e 9 ¢ @ ® 1 - » @ [ B + #
[ ® o 4 9 VS
0.0 ‘0.. ..‘l .0 » & > & - &

s e e e
- r - L 4 -
o¥e%e%e o', .o: -:0: o:o; 020 JCIRCOX
...-..o.as .O.A - ) A& & S & a4 » & «
‘
* |||| ‘||| |||| |||| |||I ‘||| l||i
....Q. r v - v v ® “w - v.v L N

29

o
» &
¢4
oY
s

-»

e
7 ¢
> &
N
&

N\

8

FI1G.27

INVENTOR MANVEL ZAKHARIAN

Ve

....85_



CA 02206089 1997-06-06

A o e
31
+ (T
Y5

H 1 /) "2 9

il -1
By ANy N Ll

R 7-2 | _

FI1G.29

INVENTOR MANVEL ZAKHARIAN

Wz

_26_



CA 02206089 1997-06-06

1
/ C
1 s :
-
EI 2 i
F1G.30 F1G.31 F1G.32 F1G.33
C C
S5A
2 3
FI1G.34 FI1G.35
A
E
F1G.37
FI1G.36
INVENTOR MANVEL ZAKHARIAN

NP

_87_



CA 02206089 1997-06-06

INVENTOR MANVEL ZAKHARIAN

NEBax 052

-~ 8~



38

CA 02206089 1997-06-06

FIG3S

ol
20 >

YOO

23

3%

",
\/

.‘ v v, v ve v wevewv.vv.w W VW WV
::::‘:’:‘:‘:‘ 0%0%4%%%%%%%%%%%" Po0%% %%

& VAVAvVATAVAVATAV AV AV oY e -
6% %% %% 5! 0%600%0%%6% %% %20 %% !

OO X O S SOOOOTOOTR
'0’0?0”?’?". . 0.0.0.0.9.0,.0.0.0.0.0.90

R | BRI
QOS] | RXEIXREIXRELIR
OXXXX :::l XEBEENARKEXKEX
SREEEL zt.tzt;tzz';tztzt;tzstztz';t

\NANAAA

YOOOO "0 ¢ 9.0.9.90.0.0.0.0.0.0.0.9

0.90.0.9.0,.9.0.9.0.90.9.0.0.0.

o1

F1G.41

MANVEL ZAKHARIAN
2

INVENTOR

_89_



CA 02206089 1997-06-06

%
()
S

3

ol 4c

FI1G.4¢2

INVENTOR

.....30....

MANVEL ZAKHARIAN

MBS 5






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - abstract drawing

